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This is a joint project of the University of Wasbion and the University of
California, Irvine (Pl S. Sorooshian). It is aimadutilizing NASA remote sensing data
and hydrologic and climate prediction models inatership with three operational
water management agencies — the Natural Resouroesefvation Service, which
provides seasonal streamflow forecasts over mosthefwest, the U.S. Bureau of
Reclamation, which has decision authority withie tlamath River basin (where there
have been ongoing and highly publicized conflicissrowater allocation), and the
California Department of Water Resources, whichdession authority for much of the
Sacramento River basin. The project leverages illyedrom the University of
Washington’s west-wide hydrologic forecast system
(http://Iwww.hydro.washington.edu/forecast/westwid&)hile the primary focus of this
research is on water management, there are segohdaefits for the energy sector,
particularly hydropower. This report covers worlknducted the University of
Washington, and by U.C. Irvine (under contract ¥&/)J

The project consists of seven tasks as follows:

Task 1. Klamath River forecast system enhancements

The existing UW west-wide forecast system will #anced for application in the
Klamath R. basin. In particular, we will add foasts points of interest to USBR, and
will apply MODIS SCA updating that we have previyusested in the Snake River
basin. We will modify the current UW forecast €ystto a 1/16 degree grid resolution
(currently 1/8 degree), to capture smaller drainagas within the Upper Klamath River
area. We will migrate the forecast system so thatan be run at NWCC, with
performance monitored by both the UW team as welU&BR Klamath Basin Area
Office operational staff.
Status: SNOTEL and California Cooperative Snow &s8YCCSS) ground observations
were compared with satellite/modeled snow dataveerifrom four sources — MODIS
SCA, MODIS SCA 8-day composites, Blended SSM/I @&Mbal EASE-Grid 8-day
Blended SSM/I and MODIS Snow Cover), and VIC moulglut. As shown in Figure 1,
VIC model, MODIS SCA 8-day composite, and Blend&d/SSWE data show good
agreement with ground observations at elevationdsaabove 1500 m. The agree
fraction is defined as the percentage of days wheth satellite/modeled data and
ground observations are available in which the teeis of data agree. At elevation
bands below 1500 m, satellite/modeled data shovwesdel agreement with ground
observations, demonstrating greater complication®wer areas. As shown in Figure 2,
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Figure 1: Agree fraction (by elevation) of SNOTELnew observations with MODIS
SCA data (upper left), MODIS SCA 8-day compositeadéupper right), VIC SCA data
(lower left), and Blended SSM/I SWE data (lower .
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Figure 2: Agree fraction (by month) of SNOTEL snowabservations with MODIS SCA
data (upper left), MODIS SCA 8-day composite dat@ger right), VIC SCA data
(lower left), and Blended SSM/I SWE data (lower hi.



VIC model, MODIS SCA 8-day composite, and Blend&®d/SSWE data show good
agreement with ground observations in winter andhser, but lesser agreement in
autumn and spring, particularly during the monthdy. UW is working to improve the
snow data assimilation system, targeting the chagkeissues of lower elevations and
spring months.

Task 2: Upper Klamath Lake net inflow calculation via remote sensing.

We will interact with USBR and NWCC to develop ppsbcessed forecasts from our
west-wide system that will represent Upper Klamzake net inflow (i.e., impairment to
reflect the effects of crop water use, reservompawvation and ungaged local runoff).
The primary alternatives to be explored include) aastatistical temperature index
method, and b) satellite-derived estimates of cvegter use and of lake surface
temperature, coupled with a VIC-based lake simoitati The two satellite products will
be assimilated into the VIC nowcasts during th@-sg period to each forecast date. The
results will be evaluated indirectly via compariseith derived UKL net inflows.

Status: An oral presentation describing the amilan of the MODIS-based ET
estimation system to the water balance of Uppemélh Lake was presented at AGU’s
2008 Fall Meeting in San Francisco.

Task 3: Forecast system implementation/monitoring for Feather/Sac River basins
Implementation of the UW west-wide forecast systemthe Sacramento basin will
begin with the Feather R. before expanding to othesins in the Sacramento basin.
UCI/UW team members will implement additional famst points used by DWR, and
increase the forecast system spatial resoluti@n, @io a finer grid scale) if necessary.
During the first two seasons of the project, theedasts will run in real-time (parallel to
DWR operations) at UCI. Subsequently, modificagian the system required for
transition to the DWR environment will be made, asata assimilation algorithms
similar to those planned for the Klamath (Task il) be implemented.
Status: Both nowcast and forecast systems contonuen operationally at UCI's CHRS.

Task 4: Forecast impairment in CADWR/SWP basins

This task is similar to Task 2. UCI will establish consultation with DWR, an
arrangement by which forecasted streamflows wilkdagted through the same decision
process currently used by DWR for its operationaétasts. Either DWR will route the
forecasts in parallel with their operational ones, UCI will obtain the necessary
algorithms to do so at UCI. UCI will also develapalogous methods applying to
forecast system products that are new to DWR.
Status: UCI's CHRS has continued to provide DWR wathnical assistance in working
with the VIC model.

Task 5: Forecast communication (Klamath and Sacramento basins)

To facilitate NWCC, USBR, and DWR review of foretas/stem performance,
UWI/UCI project team members will prepare summaryegplanatory reports for (a)
regular, real-time forecast updates, and (b) angrages or major changes to the
experimental forecasting system, and will host ewarice calls to interpret the results
during the course of the forecast season (probablkly during the period March 1 —
June 1, and less frequently at other times). Thesa&rence calls and associated reports
will be made available via the web. In additioaridg the off-season, UW and UCI will



host one-day workshops at USBR’s Klamath Fallsceffand DWR’s Sacramento office,
to evaluate forecast system performance, and tlamsney which forecasts were used in
the decision process in the previous season.

Status: A poster describing the application of MGIBCA data to DWR’s regression-
based water supply forecasts was presented at AGOGBS8 Fall Meeting in San

Francisco (Figure 3).
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Project Overview

Despite research demonstrating the value of physically based
hydrologic models and satellite observations of snow covered
area (SCA) for water supply furecas|s these tools remain
by Part of the reason for
this disparity lies in the contrast between experimental
forecasting techniques, which tend to employ methods such
as ensemble streamflow prediction, and
operational forecasting systems
that rely on simpler methods like
| statistical regression to link
surface observations of snow
5 ‘water equivalent (SWE) to seasonal
. runoff volumes. We explore
methods that bridge this gap viaa
hybrid approach which uses
%, model-simulated snow states
"\ and raw satellite data as
predlctors in regression
models that are
adapted to the
\ operational
environment.
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Regression Analysis

In addition to SWE, other predictors included in DWR’s runoff
forecasts are preclpllatlon and prior water year runoff. Our
del-based regt were P with DWR’s
d-based r i , both trained on data from
1956 -2005. The skill of each method is compared by plotting
the 10t and 90™ percentiles of the resulting residuals (black
for ground-based; blue, green, or red for model-based) in the
so called “funnel plots” below. Mean April-July flows at the
yellow forecast points to the left are provided in parentheses.
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Statistical Applications of Physical Hydrologic Models and Satellite Snow Cover
Observations to Seasonal Water Supply Forecasts
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Satellite Snow Cover Observations

The Imaging Sp:

(MODIS) is a multiband satellite sensor whose 500 m spatial
ion and daily P ion provide ideal

for hy gi QOur second app!

will base regression models on SWE and SCA output from a

VIC model that has been updated with snow cover data from

MODIS. Our third approach will employ MODIS SCA data

directly as predictors in the regression models.

Two challenges inherent in using MODIS data involve its
limited record (2000 to the present) and gaps in coverage
caused by cloud cover. To address the first problem, we will
attempt to extend the MODIS record W|th data from the 1 km
Ad d Very High the 1 km SCA

product from the National Operational Hydrologic Remote
Sensing Center, and retrospective VIC simulations. The
second challenge will be addressed using the MODSCAG
product (Dozier et al. 2008), which also provides advantages
offered by fractional snow cover data.
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our study areas for the
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California’s Department of Water Resources 3
(DWR). Watersheds with both light and dark
colors are divided by DWR into areas of high and
low elevation for purposes of snow meastrement.

Model-Simulated Snow Water Equivalent

DWR's forecasts for April-July runoff rely on manual
measurements of SWE at various snow courses throughout
each watershed (left, for the Feather). In our first approach,
we develop new regression equations based on SWE
simulated by the Vanable Infiltration C (VIC) hydrologic
_ apart (right).
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The Terra sateliite (top), the
first to carry the MODIS
sensor, was launched in
Dec 1999. The Aqua satellite
(middle), the second to
carry the MODIS sensor,
was launched in May 2002.

used to estimate fractional
snow cover and eliminate data
gaps due to clouds.
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Figure 3: Poster presented at AGU’s 2008 Fall Mewgiin San Francisco.

Task 6: Retrospective assessment (Klamath and Sacramento)

We will undertake a retrospective assessment eicimt system performance in both
study areas to serve as the basis for evaluatidnredification of the forecast system.
To the extent possible given the limited periodexord of remote sensing data sources
such as MODIS, we will perform retrospective forgsamade in a manner consistent
with real-time operation, and evaluate changesiredast skill due to incorporation of
remote sensing data, and ensemble climate forecaats will present results of the
retrospective evaluation at one or more of then@aone-day workshops (Task 5).
Status: Work on the retrospective assessment & Thestimation system has continued.

Task 7: Transition to operations

In Year 3, before the final forecasting season, U@I/research team members will
meet with NWCC, USCR, and DWR operational staffptan permanent migration of
those forecast elements that have performed the ib&s operations. As the final



forecast season progresses, the UW/UCI team membkrsain operational staff and
prepare documentation manuals that will enable NV&@E€ DWR to operate the forecast
system independently. Team members will make #&egurips to Portland and
Sacramento during that period to troubleshoot atdtess any complications stemming
from migrating the forecast system from the redearenter to the operational center,
until the conclusion of the project.

Status: Work has not yet commenced on this task.



